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1,2 Common features of flowing dense dispersions are shear thinning and thickening, [3] [4] [5] [6] [7] [8] [9] i.e. the reduction or increase of the suspension's viscosity with shear rate. In those systems, Brownian motion is dominated by shear forces. Hydrodynamic forces cannot be neglected leading to a coupling of particles which may drive shear thickening and the formation of so-called hydrocluster. 2, 5 Though these phenomena have been studied in numerous simulation studies (see e.g. the recent work by Marenne et al. 10 ), experiments studying structure formation under rheological conditions and the formation of clusters or studying the connection between structure and shearing are missing. For structural studies of these phenomena, two conditions have to be fulfilled: (1) An experimental probe that is sensitive to local order has to be applied and (2) the experiment has to be performed at high shear rates where such clusters typically form. In a pioneering study by Cheng et al. 5 the authors performed fast confocal microscopy to measure real space arrangements of particles. This technique provides access to the real space local structure of small parts of the sample, but it is still limited to rather slow systems to obtain structural snapshots with single exposures. In contrast, scattering methods allow to access sample structures down to molecular length scales.Examples are classical light scattering work on dense hard sphere systems reporting ordering phenomena under shear. 3, 11 In such experiments, the probing beam, either visible light, 12,13 neutrons 14,15 or X-rays, 16, 17 is scattered from the sample in standard rheological geometries. The spatial resolution, e.g. for scanning across the sample away from the moving plate, is given by the beam size which is typically limited to about 100 µm in small-angle scattering experiments using X-rays (SAXS) or neutrons (SANS), respectively, providing ensemble averaged structural information over different structural realisations due to shear. This can be improved by using state-of-the-art instruments providing focused X-rays, allowing for beam sizes around and below few µm. Such beam sizes enable to use microfluidic devices, e.g. Poiseuille flow geometries, to perform structural rheology experiments, 18-20 allowing access to high shear rates in the regime ofγ ≈ 10 5 − 10 6 s −1 .
21

3
These shear rates correspond to the regime where structural modulations due to shear are expected.
2 By this approach, structural response of soft matter systems on shear can be studied with high spatial resolution.
A particular representation of such a microfluidic device is a liquid microjet. Here, the most simple jet version is the so-called Rayleigh jet where a liquid is pressed through a thin tube producing a steady-streaming liquid jet. Its size is defined by the dimension of the tube.
After a certain distance L depending on different geometrical parameters and properties of the liquid, these jets break up into droplets. Limits of the break-up length of Rayleigh jets can be defined via the Reynolds and Weber numbers. [22] [23] [24] With the increasing use of liquid microjets as sample carrier in current X-ray scattering experiments, in particular structural studies on biological macromolecules at FEL sources [25] [26] [27] or orientation of non-isotropic particles, 28, 29 properties of liquid jets have generated renewed scientific interest. Structural rheology properties of jets are especially of importance in order to understand alignment or ordering of macromolecules under shear.
In this work, we investigate the structural rheology of a dispersion of spherical colloidal silica particles in water in a Rayleigh jet using a microfocused X-ray beam. Taking scattering patterns at different positions across and along the jet we measure the impact of shear on the static structure factor S(q) of the particles originating from the flow through a microtube.
We observed direction-dependent modulations of particle-particle distances as proposed by simulations, 30, 31 suggesting the formation of ordered strings of particles in flow direction and compression lines under shear. In addition, we measure the timescale of relaxation back to an undisturbed structure after shear cessation.
The investigated jet is characterized by an average speed of v jet = 3.5 m/s, a shear rate ofγ = 2.8 × 10 5 s −1 and thus a Péclet number of Pe ≈ 8 (see Methods for details). SAXS patterns were taken at different distances h between 100 µm and 3000 µm downstream of the tube exit. At these locations diffraction patterns were recorded across the jet in steps of ∆d = 1 µm with a beamsize of 6 µm × 3 µm. A scheme of the jet properties is given in Fig. 1 .
where a stepsize of ∆d = 5 µm was used, resembling the beam size in horizontal direction of 6 µm. At each point across the jet a line or arrow starts whose magnitude is given by Fig. 4 (b) .
The direction is defined by the azimuthal location of the maximum of q 0 , i.e. around π/4
for h = 100 µm and d = 30 µm, cf. Fig. 4 (a) . Thus, the arrows provide the direction and amplitude of the decrease of particle-particle distance due to shear from the tube wall.
Interestingly, the effects are highest at around d = ±30 µm = ±0.6r jet and less pronounced in the jet center and close to the edges. For all distances and positions, the minimum of the which can hardly be accessed by other techniques. Remarkably, this is significant slower than observed in recent simulations of dense hard spheres (φ = 0.4) where the time scale of cessation was found to be τ HS < t b . 10 Therefore, an extension of simulations to charge stabilized systems under shear which is object of our study will provide valuable information on structure formation and shear cessation of colloidal systems.
In conclusion, we reported the first µm resolution structural rheology study at high shear , and Boltzman's constant k B , temperature T , and viscosity η.
